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Abstract:  The aim of the work was to investigate the wear properties of basalt short fiber 
reinforced aluminum Metal Matrix Composites (MMCs) using pin-on-disc wear test rig. The 
Al/basalt MMCs contains basalt short fiber from 2.5 to 10 % in steps of 2.5 wt. % and fabricated 
using compocasting technique. The influences of the content of basalt short fiber, wear load, sliding 
distance, sliding velocity and mode of worn-out surface were discussed. The results indicated that 
Al/basalt short fiber composite had better wear resistance than that of the matrix alloy and it 
decreases with wt. % of basalt short fiber content. In other direction wear rate of both unreinforced 
alloy and reinforced composites increased with increasing in wear load and the sliding speed. 
Surfaces before and after wear tests were characterized using scanning electron microscopy (SEM). 
Introduction 
Metal matrix composites (MMCs) offer designers requirements, they are particularly suited for 
applications requiring high strength to weight ratio at high temperature, good structural rigidity, 
dimensional stability, and light weight [1–3]. Ceramic whiskers, fibers and particles reinforced 
aluminum alloys have been used as tribomaterials. The trend is towards safe usage of the MMC 
parts particularly in automobile engines as, cylinder liners as well as other rotating and 
reciprocating parts, such as the piston, connecting rods, brake rotors, impellers, space structures, 
and in other applications in automotive and aerospace industries, which work particularly at high 
temperature and pressure environments [4]. Aluminium and its alloys exhibit poor tribological 
properties leading even to seizure under adverse conditions. Hence, a strong drive to develop new 
materials with greater resistance to wear and better tribological properties led to the development of 
aluminum metal matrix composites [5]. MMCs generally posses superior wear resistance compared 
with unreinforced aluminum alloys. MMCs offer considerable potential for enhanced wear 
resistance, because the hard ceramic reinforcements impede the removal of material from abrading 
surfaces. Their effect is closely dependent on type and shape of reinforcement, [6].  
 
Until now, most investigations are focused on the interfacial improvement and fabrication 
processes on Al alloys reinforced with ceramic inclusions such as carbon fiber/ glass fiber/Steel 
fibers by various researchers [6-9], but there are very few reports about wear and friction properties. 
Reinforcement of the Al matrix with discontinuous SiC and H.S.C fibres is more effective than 
Al2O3 fibres for the improvement of wear resistance due to the high hardness of SiC reinforcement, 
[10]. However, understanding of their wear characteristics is still complex in nature. This is due in 
part to the inherent complexity of many wear processes, the problem is compounded by a possible 
interplay with microstructural variables in MMC's, such as fibre content, size, orientation, fibre 
matrix interfacial strength, etc., which greatly influence wear behaviour when sliding surfaces 
occur. This brings asperities into repeated contact and possibly tearing some of them away from 
parent body forming fragments of wear debris, [11]. Some workers, [9-12], reported a decrease in 
wear rate accompanied by an increase in coefficient of friction in their comparison of MMC's with 
that of unreiforced matrices. The limited published data available, [10-13], indicate that fibres offer 
little or no improvement in wear resistance than do particles of the same material and size. The 
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literature also indicates that the focus has been centered on processing of MMCs and 
characterization of mechanical properties of MMCs, and little or no information is available 
pertinent to the abrasive wear behaviour of short fiber reinforced Al MMCs.  The present work 
focused is on preparation of the Al7075 composite reinforced with basalt short fiber by 
compocasting technique, and the wear behaviour of Al alloy and Al/basalt short fiber MMCs were 
systematically studied. 
Experimental 
Materials and experimental procedure 
In the present study, Al 7075 alloy having the chemical composition as per the ASTM ingot 
specification given in Table 1 was used as the base matrix alloy. Basalt short fibers were used as 
reinforcement. The weight percentage of basalt short fiber was varied from 2.5–10 % steps of 2.5 
wt. %. The compocasting technique was used to prepare the composite specimens, which is similar 
to the one used by Sharma et al. [9].  
Table.1. Chemical composition of Al 7075 Alloy and basalt fiber 
Element  Si Fe Cu Mn Mg Cr Zn Ti Al 
% 0.4 0.5 1.6 0.3 2.5 0.15 5.5 0.2 Bal 
Element  SiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O TiO2 MnO 
% 69.51 14.18 3.92 2.41 5.62 2.74 1.01 0.55 0.04 
Wear tests 
The wear specimens were tested under dry (unlubricated) conditions in accordance with ASTM 
G99 standards using a pin-on-disc sliding wear testing machine.  The apparatus consists of an EN24 
steel (BHN 229) disc of diameter 200 mm used as counterface.  The test sample was clamped in a 
holder and held against the rotating steel disc.  The surface finish of the specimen of (Ra) 2 µm was 
rubbed against a hardened steel disc, having a better surface finish of (Ra) 0.2 µm.  The test was 
conducted at sliding speeds of 1.25 to 3.05 m/s between applied loads of 10 to 50 N. In the present 
study, pins of the Al/basalt short fiber MMCs under investigation were machined to 6 mm in 
diameter and 15 mm in length.  A fresh disc and the specimen were used each time and before each 
test. Both disc and the specimen were cleaned with acetone to remove any possible traces of grease 
and other surface contaminants. Specific gravity measurements of the specimen were conducted in 
accordance to ASTM Standard C127-88.  At each load level, volume losses from the surfaces of 
specimens were determined as functions of sliding distance, sliding velocity, and applied load.  The 
volume loss was calculated from the differences in weight of the specimens measured before and 
after the tests to the nearest 0.1mg using electronic balance.  The frictional coefficient of the contact 
surface was measured and the tangential force was continuously monitored during the test, using a 
load cell during sliding period.  All these tests were conducted at room temperature (27°C) and at a 
relative humidity of 48%.  
Results and discussion 
Effect of sliding distance, applied load and sliding speed on the wear rate 
The incorporation of basalt short fiber to Al7075 alloy improves the sliding wear resistance in 
comparison with the unreinforced alloy.  Fig. 1(a) represents the wear rate of the composites as well 
as the base alloy specimens as a function of sliding distance at different percentage of 
reinforcement. The plot indicates that the wear rate decreases with increase in sliding distance. The 
wear rate of composite specimens decreases linearly with the sliding distance, but that of matrix 
alloy decreases up to 1.5 km of sliding distance and then shows a drastic increase in wear rate. It 
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can be observed that up to 1.5 km of sliding distance, there has been a decrease in the wear rate. 
With further increase in sliding distance, there has been drastic decrease in wear rate and when the 
sliding distance was 3 km, there has been a decrease in the wear rate. The effect of applied load on 
weight loss at different percentages of reinforcement is presented in Fig. 1(b). It can be observed 
that when the load applied is low, the wear rate is quite small, and it increases with increase in load 
applied. It can be considered that is quite natural for the wear rate to increase with load. It can be 
found clearly from the graph that for both, matrix alloy and composite specimen, the wear rate 
increases linearly with increase in applied load, and also this diagram shows that there is a sudden 
increase in the wear rate at a particular applied load, i.e. a transition phenomena at which there is a 
sudden increase in the wear rate of both reinforced as well as unreinforced materials. However, the 
transition loads for the composites were very much higher than that observed for the unreinforced 
alloy, and also the transition load increases with the increase in basalt fiber content.  In the case of 
7.5 and 10 percentage basalt short fiber reinforced composites, the basalt short fiber suppresses the 
transition to a severe wear rate, while the matrix alloy showed transition at 30 N and 40 N 
respectively. The wear rate increases when the load was at 30 N. With further increase in load, there 
has been a relative increase in wear rate and when the applied load was 3 km, there has been an 
increase in the wear rate. The experimental data suggest that there is a certain applied load Sarkar 
and Clarke [13] who have worked on aluminium-silicon alloys have reported transition wear rate 
with load. The unreinforced material shows a transition at 30 N but no transition in composites. It 
has been reported that ceramic reinforcement delays transition from mild to severe wear by 
increasing either the load [14] or speed at which transition occur. This observation indicates that the 
addition of basalt fiber reinforcement delays the transition from mild to severe wear. The effect of 
sliding speed on wear rate at different percentages of reinforcement is presented in Fig. 1(c). It can 
be observed from the graph that the wear rate increases with increase in sliding speed.  The wear 
rates of both matrix alloy as well as composite specimen increases linearly with the sliding speed, 
and also this diagram shows two different regimes for the matrix alloy and 2.5 percent basalt short 
fiber reinforced composite.  Below sliding velocity of 1.85 m/s, the matrix alloy and basalt short 
fiber reinforced composites exhibited similar wear rates.  At sliding velocities higher than 1.85 m/s, 
both matrix alloy and 5 % basalt short fiber composite show severe wear rate, and on other hand 
composite specimen exhibit steady wear rates whose magnitude is much lower than that of matrix 
alloy. It can be observed that up to 1.85 m/s of sliding speed, there has been an increase in the wear 
rate. With further increase in sliding speed, there has been relative increase in wear rate and when 
the sliding speed was 3.05 m/s, there has been an increase in the wear rates. 
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Coefficient of friction 
All the tests were conducted at atmospheric conditions. Figure 2 shows the variation of friction 
coefficient (µ) with sliding distance for both matrix alloy and composites tested at an applied load 
of 10 N with sliding velocity of 1.25 m/s. The measured mean values of friction coefficient were 
plotted as a function of sliding distance for different weight percentage of basalt short fiber. From 
the study it can be observed that within the scope of this investigation as 
Fig. 1 Effect of a) sliding distance, b) normal load 
and c) sliding speed on  wear rate of Al/basalt short 
fiber composites  
 
a
b
c
Speed = 1.5 m/s, load = 10 N 
 
Speed = 1.5 m/s, sliding distance 3 km  
 
Load = 20 N, sliding distance 3 km  
 
Fig. 3 Wornout surface of A) ascast Al7075, B) 5% 
basalt short fiber  composites  and C) 5% basalt short 
fiber composites at speed   of 1.25 m/s rpm, load of 40 
N, and sliding speed of 2 km    
A) 
B)
C) 
Fig. 2   Effect of sliding distance on friction of 
Al/basalt short  fiber composites  
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the sliding distance was increased, there has been a decrease in the friction coefficient. The 
amplitude of the friction fluctuations was seen at all the stages.  Due to sliding surface irregularities, 
the velocity and position of aspirates fluctuate widely causing a typical stick slip oscillation 
observed in the frictional profiles. In all these cases the average coefficient of friction (average for 3 
km sliding) of the composite decreases with increasing reinforcement content. The plot indicates 
that the coefficient of friction of matrix alloy and composite specimen begin with relatively high 
values (0.6-0.8). The friction coefficient decreases slowly throughout the test, and ends with a lower 
steady state values of (0.2-0.4). It was observed that the frictional coefficient of matrix alloy and 5 
percent basalt short fiber reinforced composite decreases up to 2 km and 2.5 km respectively, and 
further increase of sliding distance increases the frictional coefficient. Meanwhile, basalt short fiber 
composite with 7.5 percent and 10 percent basalt short fiber showed a decreasing level of the 
frictional coefficient. The stick slip type frictional behaviour of both as cast Al7075 alloy and basalt 
short fiber reinforced composites decreases and is a function of sliding distance. The sliding surface 
is covered with alumina layer. This layer formed is very brittle and acts as an insulator.   
Examination of the worn surfaces 
The SEM microphotographs of matrix alloy and 5 percent basalt short fiber reinforced 
composites at speed of 1.25 m/s, load of 40 N, and sliding speed of 2 km has been presented in 
Figure 3. composite is different from that of as cast Al7075 alloy. It can be seen from the 
microphotographs that a number of parallel, continuous and deep ploughing grooves exist on the 
wear surface of the composite and an abrasion phenomenon is observed at low loads. The worn out 
surfaces in some places reveal patches from where the material was removed from the surface of the 
material during the course of wear. The parallel grooves suggest an abrasive wear as characterized 
by the penetration of the hard basalt fiber into a softer surface, which is an important contributor to 
the wear behavior of Al7075/basalt short fiber reinforced composites. From the microphotographs, 
it is observed that the morphology of worn surfaces of Visual examination shows that patches were 
formed progressively during the wear process. The amount of dark patches formed increased with 
increase in the reinforcement. The area of the dark layer increased with increase in sliding distance. 
Wear debris produced from both the as cast Al7075 and basalt short fiber reinforced composite 
were predominantly metallic and dark in colour. In all the SEM micrographs, an arrow is shown to 
indicate the sliding direction. Cracks parallel to sliding direction at the bottom of the grooves were 
present.  Larger groove width was observed at the test load of matrix specimen when compared to 
the groove that was composites specimens.   
Conclusion  
• The wear resistance of basalt short fiber composites is superior to that of matrix alloy.  Their 
wear resistance increases with increasing weight percentage of basalt short fiber content due 
to addition of harder reinforcement. 
• The applied load, sliding distance, and sliding velocity have effect on the transition wear 
condition.  Addition of basalt short fiber content delays the transition point.  
• The average coefficient of friction of the basalt short fiber composites is less than that of 
matrix alloy. This is due to basalt short fiber acting as solid lubricant. 
• Mechanical Mixture Layer (MML) was responsible for decrease in the wear rate and friction 
of the basalt short fiber composites  
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